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[57] ABSTRACT 

An improved automatic/remote RF instrument moni- 
toring system including a plurality of transponders con- 
figured to operate with one of a plurality of parameter 
sensing instruments remotely located from an inter- 
rogate/receiver. The interrogate/receiver transmits RF 
transponder activation signals in the form of a tone 
modulated onto a carrier. In response to the activation 
signals, the transponders "wake-up" and transmit an RF 
transponder signal which is received and processed by 
the interrogate/receiver. The transponders include a 
transmission enable circuit which initiates transmission 
of the RF transponder signals at random times after 
receipt of the activation signals. The RF transponder 
signals are formed by a plurality of spaced transponder 
information packets. Transponder information packets 
of the transponder signal are transmitted at pseudoran- 
dom frequencies as a Manchester encoded bit stream 
including a preamble field of predetermined preamble 
data, an instrument parameter field of data sensed by the 
instrument, an instrument identification field of instru- 
ment identification data, and an error control code field 
of BCH error control code data. 



32 Claims, 8 Drawing Sheets 



1/tSTWNENT 

DATA 
SOttRC* 



7XNPER 
0£T£CrtON 

cjroj/try 



wstxumsnt 
wranztgr 

DATA 

sot/xce 



32 



6* 



INSTWH&fT 

DATA 
SOURC£ 



Si 



SPARS 
OAT* 



RR£AMSL£ 
DATA 

source 



,^0 



/0£NTV/CA7fON 
ff£U> SW/FT 



TAMPSA\ 
-*| Pt£LO 
SHtfT 

Rse/sr£R 



INSTRUMENT 
F/£LD SHJFT 



FtSLO SH/FT 
REG/STSK. 



SPARE 

\FI£L£> SHffT 



DATA 




PREAMBLE 


PATH 




F/SLD SHIFT 


CONTROL 




J&&STER. 



„ EHER&ZiHQ SIGNALS 

s?Z from (nterrogats/rsch^r is 



SEGU, 
TiMi 
CON 


ENCS 

ND 

TRQL 






TRANSMISSION 
EttABLG 



TRANSPONDER SIGNALS 40 




BCH 
ENCODER 



D 2\ 



108 



2£ 



« MANCHESTER 



CONVERTER 




PSGUOO- 
RANDOM 
NUN8SR 
GENERATOR 





f4A 



12/30/2003, EAST version: 1.4.1 



U.S. Patent Jan. 17, 1989 Sheet 1 of 8 4,799,059 



10 




/2A-> 






METER A 




ENCODER/, 
&CEIVER/ 
mWSAtfTTER 






IZB-* 


. 




METER B 




WCOOER/, 

rece/ver/ 
transmitter 







/6A 



30 



METER C 




ENCODER/ 
RECEIVER/ 
7KANSrt/TTER^ 


\ 













18 



TRANSMITTER 
ACTIVATOR 



30H 

24^9t CONTROLLER 



RECEIVER 4 



DATA PROCESSOR 



-zo 

2Z 




12/30/2003, EAST version: 1.4.1 



US. Patent Jan. 17, 1989 Sheet 2 of 8 4,799,059 




12/30/2003, EAST version: 1.4.1 




12/30/2003, EAST version: 1.4.1 



U.S. Patent Jan. 17, 1989 Sheet 4 of 8 4,799 



Jig. 64 



94- 



TTTrsTTT] pTTTTTTJl |/z>*?«76 



HO 



^-70 



« - o 134 



«£ 



/04 



r>ctx 
jesr 

.ire 



0 — \0 Q 
Y KST 



. . . , r— 

# q — o 0 — 0 Q-i^-*/ I— 



<?/*- 



J!? 



ZI8 

4: 



/64 

>G£/C 



/66 



#S7 



VDD- 



D 

220 



qLring-r^ 



222 



12/30/2003, EAST Version: 1.4.1 



U.S. Patent Jan.17,1989 Sheet 5 of 8 4,799,059 



90 



Y4-Y-m^^^^ 



T 4* 




J£8 /70 111 174 176 

>CLK 



X 



0 Q 




0 <? 


/TO 




111 


>CtK 






>CLK 








jesr 



r\>cik 



Si 



1 


0 0 

_ cue 




0 

228 


y— ] 


r 





<> 



232 



XST +8 

>ciK234 



.J__. 



250} 



a 1 



12/30/2003, EAST Version: 1.4.1 



U.S. Patent Jan. 17, 1989 Sheet 6 of 8 4,799,059 



7** 6C 



^www- 



<8Z 



,78 




178 
r>cuc 



0 Q 
/80 



rvcuc 



182 



>cu< 















" T ■ 






0 ' 
z 

3 

256 

4 








































>CLK * 























<JENABLE SIGNAL FROM 
TRANSMtSS/ON ENABLE /CO 



12/30/2003, EAST version: 1.4.1 



US. Patent Jan. n, lm sheet 7 of 8 4,799,059 



7& 



-m^^-Y--Y-Y-Y^^-Y T , 



/ 234-5678 

D /46 Q 



I 2 3 4 i 6 7 8 

Ho 148 « 




'5€> 



^0 



i 
i 

i 



/oz 



0 



jes7 



188 



> C J£r 



.J 



#7* 




► TO MODULATION 
CONTROL TERMINAL //6 
Of TRANSMtTTER //Z 



>TO CARRIER F/?£QU£NCY 
CONTROL TW//A/AL //8 
OF 7KAMSM/TTER //2 



12/30/2003, EAST Version: 1.4.1 



US. Patent Jan. 17, 1989 Sheet 8 of 8 4,799,059 



TOME 
0£T£CTOR 



/OO 



A/ 



30Z 



integrator 
xst 



303 



TIMING 
CONTROL 



3QH 



SAMPLE 
SWITCH 

— /\o — 



s~3/0 



THRSSHOID 
LEVEL 
SOURCE 




TO SEQUENCE 
TIMING CONTROL 72 



/6A 

J. 



BIZ 



TONE 
DETECTOR 



3/4- 



TIMING 
CONTROL 



THRESHOLD 
LEVEL 
SOURCE 



320 



322 



3/8 




TO SEQUENCE 
* TIMING CONTROL 72 



Jig. S 



100 



12/30/2003, EAST version: 1.4.1 



4,799, 



AUTOMATIC/REMOTE RF INSTRUMENT 
MONITORING SYSTEM 

REFERENCE TO CO-PENDING APPLICATION 5 

Reference is hereby made to a co-pending application 
entitled Automatic/Remote RF Instrument Reading 
Method and Apparatus identified in the United States 
Patent and Trademark Office by Ser. No. 06/703,621 
issued on Sept. 30, 1986 as the Brunius et al. U.S. Pat. 10 
No. 4,614,945, and assigned to the same assignee as the 
present invention. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 15 
The present invention relates to remote instrument 

monitoring systems. In particular, the present invention 
is an improved transponder and interrogate/receiver 
for use in a remote RF instrument monitoring system. 

2. Description of the Prior Art 20 
Commodities such as gas, water, and electricity have 

been tradionally monitored by meters physically lo- 
cated at the consumer's facility or residence. The sight 
of meter reading personnel walking from door to door 
and recording by hand the accumulated meter reading 25 
is a common one with which nearly everyone is famil- 
iar. Although this meter reading technique is tradi- 
tional, it is inefficient, susceptible to error, requires 
many employees, and is very expensive. 

Apparatus and methods for automatically communi- 30 
eating data from a plurality of remotely located parame- 
ter sensing instruments, such as commodity meters, to a 
central data acquisition system have, in fact, been devel- 
oped. One such system is disclosed in a patent applica- 
tion entitled AUTOMATIC/REMOTE RF INSTRU- 35 
MENT READING METHOD AND APPARATUS 
(hereinafter referred to as Instrument Reading Appara- 
tus) which is identified in the United States Patent and 
Trademark Office by Ser. No. 06/703,621 issued on 
Sept. 30, 1986 as the Brunius et al. U.S. Pat. No. 40 
4,614,945, and assigned to the same assignee as the pres- 
ent invention. The Instrument Reading Apparatus dis- 
closed therein includes a plurality of transponders, or 
Encoder/Receiver/Transmitters (ERTs), one of which 
is associated with each remotely located meter or in- 45 
strument. Also included is an interrogate/receiver, 
which can be included within a mobile data acquisition 
system. The interrogate/receiver transmits a "wake- 
up" or activation signal. AH transponders then within 
range of the interrogate/receiver wake up and initiate 50 
transmission of an RF transponder signal which in- 
cludes account data representative of the parameter 
sensed by a particular meter with which it is associated. 
The interrogate/receiver simultaneously receives the 
transponder signals from all activated transponders, and 55 
stores the account data contained therein. Account data 
is later removed and used for utility billing purposes. 

In the Instrument Reading Apparatus, the transpon- 
der signals are comprised of a series of spaced transmis- 
sion bursts, each of which includes the account data. In 60 
order to reduce the probability of transmission colli- 
sions, i.e., the simultaneous transmission of a transpon- 
der signal from two or more transponders at the same 
time and/or at the same frequency, the transponder 
signal is characterized by active time and/or frequency 65 
parameters. Each transponder causes the frequency at 
which the transmission bursts of a transponder signal 
are transmitted to very so as to occur at different fre- 
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quencies within a predetermined bandwidth. In addi- 
tion, the spacing in time between transmission bursts of 
different transponders vary, although the spacing in 
time between transmission bursts of any given transpon- 
der is constant. 

Although the active time and/or frequency parame- 
ters utilized by the Instrument Reading Apparatus sig- 
nificantly reduce transmission collisions between simul- 
taneously activated transponders, they do not do so to 
the extent required of a commercially viable product. 
Transmission collisons still occur with enough regular- 
ity to prevent reliable data communication with the 
interrogate/ receiver at economically feasible rates. 

Another problem with the Instrument Reading Ap- 
paratus described above concerns the accuracy of data 
communications between the transponders and the 
MDAS. All data communication systems, especially 
digital RF systems such as that described above, can be 
characterized by a statistical probability of error. De- 
spite this fact, error detection techniques implemented 
by the Instrument Reading Apparatus are quite limited. 
They include determining whether the preamble re- 
ceived has the proper sequence of digital values, and 
whether the correct number of bits have been received. 
Even if these techniques indicate receipt of a "valid" 
transmission, there is apparently no way to determine if 
the encoded data representing the meter reading was 
valid, i.e., received as transmitted. 

Yet another very important feature of a commercially 
viable instrument monitoring system is the length of 
time that it can operate without requiring a new supply 
of power such as that provided by batteries. The instru- 
ment monitoring system described above activates the 
transponders by an activation signal in the form of an 
RF carrier of predetermined frequency. Various com- 
munication services operating within the same fre- 
quency range as the carrier cause a certain amount of 
falsing, accidentally walking up the transponders. Acci- 
dental wake-ups initiate the transmission of the tran- 
sponder signal, and thereby waste battery life. 

It is evident that there is a continuing need for im- 
proved automatic/remote RF instrument monitoring 
systems. To be commercially viable, the system tran- 
sponders must meet several requirements. First, the 
transponder must be capable of producing collision 
resistant transmissions. Active time and/or frequency 
parameters which result in transponder signals with 
collision resistant characteristics superior to those of 
known techniques must be developed. A transmission 
protocol capable of accurate transmission is also re- 
quired. The protocol must provide the capability for 
detecting errors in the transmitted data representative 
of the sensed parameter. The transponders should also 
be resistant to false wake-ups. These and other charac- 
teristics must be achieved with a relatively inexpensive 
transponder which is highly reliable. 

SUMMARY OF THE INVENTION 

The present invention is an improved automatic/- 
remote instrument monitoring system. The system in- 
cludes a plurality of transponders, each of which is 
associated with one of a plurality of parameter sensing 
instruments which are remotely located from an inter- 
rogate/receiver. In response to activation signals from 
the interrogate/receiver, the transponders transmit an 
RF transponder signal formed by a plurality of tran- 
sponder information packets. The transponder is ex- 
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tremely reliable and yet cost effective. Its collision resis- value, and produce a transponder enable signal if the 
tant transmission characteristics allow instruments to be integrator output signal attains the threshold value dur- 
monitored, or read, at a rapid and efficient rate. Data ing the integration period. 

communication accuracy is enhanced by error control df^pt? tptit»m nv tup op awtmp^ 

techniques. Battery life, and transponder flexibility, is 5 BRIEF DESCRIPTION OF THE DRAWINGS 
also enhanced through use of a wake-up technique FIG. 1 is a block diagram representation of an au- 
which is falsing resistant. tomatic/remote RF instrument monitoring system in- 

In one embodiment, the transponders are character- eluding transponders of the present invention, 
ized by a circuit for implementing a highly accurate FIG. 2 is a diagrammatic illustration of a preferred 
transmission protocol. The circuit includes preamble 10 transponder signal transmitted by each transponder of 
field means for providing a preamble field of predeter- FIG. 1. 

mined preamble data. Instrument parameter field means FIG. 3 is a diagrammatic illustration of a preferred 

are adapted for interconnection to a parameter sensing form of the transponder information packets forming 

instrument, and provide an instrument parameter field the transponder signal illustrated in FIG. 2. 

of instrument parameter data sensed thereby. Instru- 15 FIG. 4 illustrates a preferred sequence of digital val- 

ment identification field means provide an instrument ues forming a preamble field of the transponder infor- 

identification field of instrument identification data. mation packet shown in FIG. 3. 

Error control coding means error control codes at least FIG. 5 is a block diagram representation of a pre- 

a portion of the fields of data, and provide an error ferred embodiment of the transponders shown in FIG. 

control code field of error control code data. The fields 20 2. 

of preamble data, instrument parameter data, instrument FIGS. 6A-6D are arranged from left to right, respec- 
identification data, and error control code data are as- tively, and schematically illustrate a preferred circuit 
sembled in a predetermined manner so as to produce a implementation of several blocks illustrated in FIG. 5. 
transponder information packet formed by a bit stream FIG. 7 is a first preferred embodiment of the trans- 
of data by sequence control means. Transmission en- 25 mission enable circuit illustrated in FIG. 5. 
coding means transmission encode the transponder in- FIG. 8 is a second preferred embodiment of the trans- 
formation packet, 2nd produce a transmission encoded mission enable circuit ilustrated in FIG. 5. 
bit stream of data which is adapted for transmission by „ 

the RF transponder. DETAILED DESCRIPTION OF THE 

In a second preferred embodiment, each transponder 30 PREFERRED EMBODIMENTS 

is characterized by pseudorandom frequency varying The present invention is an improved automaticA 
means for causing the frequency of the transponder remote RF instrument monitoring system such as that 
signal to vary, so that each transponder information disclosed in the co-pending application referred to 
packet is transmitted at a pseudorandom frequency. The above. Each transponder of the system transmits an RF 
transponders include instrument parameter field means 35 transponder signal utilizing a novel data transmission 
adapted for interconnection to a parameter sensing in- protocol. Transponder signals are formed by a plurality 
strument for providing an instrument parameter field of of spaced transponder information packets, each of 
data. Transmission enable means receive an RF activa- which begins with a unique preamble, and ends with a 
tion signal from the interrogate/receiver, and provide a Cyclic Redundancy Check error control code. The 
transponder enable signal in response thereto which 40 error control code is decoded by an interrrogateA 
initiates production and transmission of the transponder receiver, and utilized to increase the accuracy and reli- 
signals. RF transmitter means are operatively coupled ability of data communications. Transponder informa- 
to receive the instrument parameter field of data, and tion packets are transmitted at pseudorandom frequen- 
transmits a transponder signal comprising a plurality of cies to reduce collisions between transmissions of simul- 
spaced transponder information packets. Pseudoran- 45 taneously transmitting transponders. Collisions are fur- 
dom transmission frequency varying means are opera- ther reduced by a circuit which causes transponders to 
tively connected to the transmitter means and pseudo- "wake-up" and initiate data transmission at random 
randomly vary the frequency of the RF transponder times. These and other features of the invention will be 
signal such that the transponder information packets are best understood following a brief description of the 
transmitted at pseudorandom frequencies within a pre- 50 instrument monitoring system to which they relate, 
determined frequency bandwidth. An automatic/remote RF instrument monitoring 

In yet another embodiment, transponders of the sys- system is illustrated generally in FIG. 1. As shown, 
tem are characterized by enable circuit means for initi- automatic/remote instrument monitoring system 10 is 
ating the transmission of the transponder signals at ran- adapted for use with a plurality of remotely located 
dom times upon receipt of the activation signal. The 55 parameter sensing instruments such as meters 12A-12C. 
enable circuit means includes RF detector means for Meters 12A-12C sense or monitor a physical parameter, 
receiving the RF activation signal from the inter- such as a quantity of a given commodity (e.g. natural 
rogate/receiver. The RF detector means detects the gas) used by a residential or business customer. Associ- 
activation signal, and produces a detector signal repre- ated with and operatively coupled to each meter 
sentative thereof. Also included are timing means for 60 12A-12C is a transponder 14A-14C. Each transponder 
timing integration periods. Integration periods of the 14A-14C includes an antenna 16A-16C, respectively, 
transponders are randomly skewed with respect to each for receiving and transmitting radio frequency (RF) 
other. Integrator means are operatively coupled to the signals, transponders 14A-14C accumulate and digitally 
tuning means and the RF detector means and integrate store parameter data sensed by meters 12A-12C, re- 
the detector signal over the integration period, thereby 65 specuvely. Parameter data, as well as other account 
producing an integrator output signal representative of information such as identification data identifying me- 
an integral of the detector signal. Comparator means ters 12A-12C from which the parameter data was 
compare the integrator output signal to a threshold sensed, is encoded for transmission in an RF transpon- 
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der signal by transponders 14A-14C when activated, or mined length, and contains data representative of differ- 

polled. ent types of information. 

Instrument monitoring system 10 also includes an The transmission of each transponder information 
interrogate/receiver 18. Interrogate/receiver 18 in- packet 42 begins with preamble data field 46A. In the 
eludes transmitter activator 20, receiver 22, which in- 5 embodiment shown in FIGS. 3 and 4, preamble data 
eludes BCH decoder 23, controller 24, and data proces- field 46A is 21 bits long. Preamble data field 46A is 
sor 26 which are preferably carried by a mobile vehicle formed by a predetermined sequence of digital data, and 
28 such as a van. In still other embodiments, (not is used by interrogate/receiver 18 to identify a valid 
shown), interrogate/receiver 28 is stationary. Transmit- mcorning transmission from transponder 14A. Preamble 
ter activator 20 transmits RF activation signals to tran- 10 data field 46A provides bit sync and word synch for 
sponders 14A-14C via antenna 30, while RF transpon- decoders within receiver 22 as well. Bit sync is 
der signals from transponders 14A-14C are received by used to synchronize a data clock (not shown) of re- 
receiver 22 through antenna 32. ceiver n to transponder information packet 42, while 

Transmitter activator 20 of interrogate/receiver 18 word sync provides protection against false messages 
will generate a polling or activation signal which is 15 generated by noise. In general, the longer the sync 

transmitted through antenna 30. In the embodiment word) ^ smaller the probability of preamble data field 

shown, vehicle l» will proceed down a roadway carry- ^ A bein detected as noise. 

ing interrogate/receiver 18. All transponders 14A-14C In one ferred embodimenti transponder infonna- 

within range of transmitter activator 20 will be acti- tion packets 42 are produced with a preamble data field 
vated or Vake-up' upon receipt of the acttvation 20 4^ Crated in FIG. 4. As shown, preamble data field 

signal through 1 their antennas 16A-16C. Once .activated, ^ h representative of a iimooiOlOlOOHOOOOO bit 

transponders 14A-14C produce and transmit their RF r f , . , , - . . • * - xU . 

^ . , i_-t_*ij i .t_ . * sequence of digital values, the first bit of this sequence 

transponder signals which mcludes the parameter and • j v • „ e u j - r *■ 

■ j Sc. jL t> j 1 , , is used by receiver 22 tor hardware initialization pur- 

identification data. Transponder signals are received by ' c , . . A . . " 77 . . 4^ 

receiver 22, and the data containedAerein is decoded 25 P oses ' ™ e ^™ °f values Ulustrated in FIG. 
This data is then further processed, and stored, by data 4 provldes QXC f? ni chara ^enstics for stotistical signal 
processor 26 under the control of controller 24. At the P^ctmpg techniques, such as auto correlation or cross- 
end of a day, or after all meters 12A-12C have been correlation, which are implemented by receiver 22 to 
read, all parameter, identification, and other account determine whether a received signal is one transmitted 
information is transferred to a utility billing system (not 30 from transponder 14A. In one embodiment, a received 
shown) through a storage medium, serial data interface, ^ 15 as a transponder information packet 
or other data transmission scheme. These and other 42 bv receiver 22 only if the signal processing per- 
features of instrument monitoring system 10 are de- formed thereby mdicates that all bits of preamble data 
scribed in freater detail in the above-identified co-pend- field ^ A were correctly received, 
ing application. 35 Referring back to the preferred embodiment of tran- 

Transponders 14A-14C all function in a similar man- sponder information packet 42 shown in FIG. 3, a spare 

ner, and are preferably identical to facilitate high vol- data fleld 465 is shown t0 foUow preamble field 46A. 

urae, low cost construction. To this end, transponders s P are field 465 * preferably five bits in length, and is 

14A-14C can utilize a custom large scale integrated reserved for future use when it may become necessary 

circuit, and only a few other components. All subse- 40 or d esirable to expand the length of data fields 46A, 

quent descriptions are therefore made with reference to 46C-46G, or to transmit auxiliary data such as that 

transponder 14A, which is representative of transpon- characterizing other aspects of transponder 14A or 

ders 14A-14C. meter 12A. By including spare field 46B, transponder 

FIG. 2 is a diagrammatic illustration of an RF trans- 14A can eas ^y accommodate later modifications, 

mission cycle, or transponder signal 40, as produced and 45 Instrument type data field 46C follows spare bit 46B 

transmitted by transponder 14A upon receipt of an in the preferred embodiment, and is four bits in length, 

activation signal from interrogate/receiver 18. As Instrument type field 46C contains data representative 

shown, transponder signal 40 is comprised of a series of of the particular type of instrument with which tran- 

spaced transmission bursts, or transponder information sponder 14A is associated. In one preferred application, 

packets 42. In one preferred embodiment, transponder 50 instrument monitoring system 10 is a gas meter monitor- 

14A produces a transponder signal 40 comprising eight ing system and instrument type field 46C contains a four 

transponder information packets 42. Each transponder bit code representative of gas meters. In still other appli- 

information packet 42 is preferably separated in time ■ cations, instrument monitoring system 10 monitors 

from adjacent transponder information packets 42 by a other consumer commodities such as water and elec- 

predetennined period S. As will be described in greater 55 tricity, and instrument type field 46C contains a four bit 

detail in subsequent portions of this specification, tran- code representative of these particular systems, 

sponder 14A begins the transmission of transponder Instrument parameter field 46D follows instrument 

signal 40 at a random time after receipt of the activation type field 46C in the preferred embodiment shown in 

signal. Furthermore, each transponder information FIG. 3. Instrument parameter field 46D is preferably 

packet 42 is transmitted at a pseudorandom frequency. 60 twenty-two bits in length, and contains data representa- 

Each transponder information packet 42 is identical, tive of the parameter sensed by meter 12A. 

and is formed by a bit stream of digital data. As illus- Tamper field 46E follows instrument parameter field 

trated in FIG. 3, transponder information packets 42 are 46D. Tamper field 46E is preferably a four bit field and 

divided into a plurality of data fields including preamble contains data representative of tampering, such as 

field 46A, spare field 46B, instrument type field 46C, 65 movement of or unauthorized entry into transponder 

instrument parameter field 46D, tamper field 46E, in- 14A and/or meter 12A. In one preferred embodiment, 

strument identification field 46F and error control code taper field 46E contains data representative of a number 

field 46G. Each data field 46A-46G has a predeter- of instances of such tampering. 
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Instrument identification field 46F preferably follows data source 92. Tamper data source 92 is preferably a 

tamper field 46E, and is twenty-four bits long. Instru- tamper detection apparatus of the type disclosed in the 

ment identification field 46F contains data identifying previously identified co-pending patent application, 

the particular meter 12 A with which transponder 14A is This form of tamper data source 92 detects tampering in 

associated. Each transponder 14A-14C of instrument 5 the form of unauthorized entry into, or movement of, 

monitoring system 10 preferably has a unique identifica- transponder 14A and/or meter 12A, and produces a 

tion code which is transmitted within its instrument numerical count representative of the number of in- 

identification field 46F. stances of such tampering. 

Transponder information packets 42 preferably end Instrument identification field shift register 70 is con- 

with error control code field 46G. As will be described 10 nected to receive instrument identification data in paral- 

in greater detail in subsequent portions of this specifica- iel format on bus 94 from instrument identification data 

tion, predetermined portions of at least some of data source 96. Bus 94 is preferably wired to supply poten- 

fields 46A-46F are error control coded, and an error tials to provide a unique digital number identifying 

control code is produced as a function of the data con- transponder 14A, and therefore meter 12A with which 

tained therein. The error control code is preferably a 15 it is associated. 

sixteen bit code. In the embodiment of transponder 14A shown in 

Fikgure 5 is a block diagram representation of a pre- FIG. 5, shift registers 60-70 are interconnected with 

ferred embodiment of transponder 14A. Included is one another, and data path control 102, for serial field 

preamble field shift register 60, spare field shift register data transfer. Shift registers 60-70 are arranged from 

62, instrument type field shift register 64, instrument 20 right to left in FIG. 5, with data path control 102 posi- 

parameter field shift register 66, tamper field shift regis- tioned between preamble field shift register 60 and 

ter 68, and instrument identification field shift register spare field shift register 62. Upon receipt of an activa- 

70. Each shift register 60-70 is interconnected to, and tion signal from interrogate/receiver 18 (FIG. 1), trans- 

under the control of, sequence timing control 72. Shift mission enable circuit 100 prodocues an enable signal 

registers 60-70 are connected to receive data from pre- 25 which is supplied to sequence control 72. The enable 

amble data source 74, spare data source 80, instrument signal causes transponder 14A to "wake-up", and to 

type data source 84, instrument parameter data source transmit transponder signal 40. Preferred embodiments 

88, tamper data source 92 and instrument identification of transmission enable circuit 100 are discussed in subse- 

data source 96, respectively. As shown, transponder quent portions of this specification. After an enable 

14A also includes transmission enable circuit 100, data 30 signal is received from transmission enable circuit 100, 

path control 102, BCH encoder 104, Manchester en- sequence timing control 72 coordinates the transmission 

coder 106, pseudorandom number generator 108, digi- cycle, or generation and transmission of transponder 

tal-to-analog converter 110, transmitter 112, and an- signal 40 from transponder 14A. This is done by repeat- 

teona 16A. edly (e.g., eight times in the preferred embodiment) 

Preamble field shift register 60 is connected to re- 35 assembling and transmitting transponder information 

ceive preamble data in a parallel format on dta bus 76 packets 42. 

from preamble data source 74. In one preferred embodi- Sequence timing control 72 first causes each shift 

ment, data bus 76 is hard wired to supply potentials register 60-70 to be loaded, in paralle, with data from 

representative of first and second digital values (i.e., their respective sources 74, 80, 84, 88, 92, and 96. Se- 

logic "0" and logic "1") so as to provide a preamble 40 quence timing control 72 then causes the fields of data 

data field in the form illustrated in FIG. 4. within shift registers 60-70 to be serially transferred, or 

Spare field shift register 62 is connected to receive shifted (from left to right in FIG. 5), through preamble 

spare data in a parallel format on bus 78 from spare data field shift register 60, and through data path control 102 

source 80. Spare data source 80 can be any source of and all other intervening shift registers 62-70. Instru- 

additional data which is desired to be included within 45 ment identification data from instrument identification 

transponder information packet 42. Until transponder field shift register 70 must, for example, be shifted 

14A is modified for transmission of additional data, bus through tamper field shift register 68, instrument pa- 

78 will preferably be wired to supply potentials repre- rameter field shift register 66, instrument type field shift 

sentative of predetermined digital values. register 64, spare field shift register 62, and data path 

Instrument type field shift register 64 is connected to 50 control 102, before being shifted through preamble field 
receive instrument type data in a parallel format on bus shift register 60. Since shift registers 60-70 are arranged 
82 from instrument type data source 84. Bus 82 can, for in a manner corresponding to the order of data fields 
example, be hard wired to supply potentials representa- 46A-46F of transponder information packets 42, a bit 
tive of the instrument type code. Alternatively, instru- stream of digital data forming fields 46A-46F will be 
ment type data source 84 can include a microswitch 55 clocked out of preamble field shift register 60 and input- 
interfacing bus 82 to supply potentials, for switchably ted into Manchester encoder 106. 
selecting the instrument type code. While clocking data from shift registers 62-70 

Instrument parameter field shift register 66 is con- through data path control 102 to preamble field shift 
nected to receive instrument parameter data in a parallel register 60, sequence timing control 72 simultaneously 
format on bus 86 from instrument parameter data source 60 causes data from shift registers 62-70 to be serially 
88. In a preferred embodiment, instrument parameter transferred through data path control 102 to a Cyclic 
data source 88 is of the type disclosed in the co-pending Redundancy Check (CRC) encoder such as BCH en- 
application previously referenced, which interfaces coder 104. BCH (Bose, Chaudhuri, and Hocquenghem) 
directly to meter 12A, and provides a digital signal encoder 104 is one of several types of CRC encoders 
representative of the meter reading (i.e., sensed parame- 65 which produce cyclic error control codes as a function 
ter) indicated on the meter index dials. of data inputted thereto. CRC encoders (and decoders) 

Tamper field shift register 68 is connected to receive of this type are well known and discussed, for example 

tamper data in a parallel format on bus 90 from taper in a book entitled "Error Control Coding: Fundamen- 
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tals and Applications", by Shu Lin and Daniel Costello, transponder signal 40 (i.e., the modulated carrier) is 

Jr., published in 1983 by Prentice-Hall, Inc. transmitted to inhterrogate/receiver 18 through an- 

In one preferred embodiment, BCH encoder 104 tenna 16A. In a preferred embodiment, the Manchester 

produces a BCH error control code constructed of a encoded bit stream forming transponder information 

shortened 255, 239, 2 code Galois field generated by the 5 packet 42 is used to on-off key (OOK) the carrier signal, 

following polynomial: Other commonly used and well known modulation 

m-i+x+#+#+#+#+x*+x"+x* tSf^SS 85 fr ^ uen 7- shif | * ey or phase " 

+x i4 +x i6 shift key (PSK) can be implemented as well. 

Each transponder information packet 42 of transpon- 
This particular BCH code is sixteen check bits in length, 10 der signal 40 is transmitted at a pseudorandom fre- 
and has a distance of four on an eighty bit field. This quency (i.e., a pseudorandom carrier frequency) within 
error control code is preferably produced as a function a predetermined range of frequencies. In one embodi- 
of the spare, instrument type, instrument parameter, ment, transponder information packets 42 are transmit- 
tamper, and instrument identification data, and serially ted at frequencies ranging from 912 MHz to 918 MHz. 
outputted BCH encoder 104 as a sixteen bit error con- In the embodiment of transponder 14A illustrated in 
trol code. Sequence timing control 72 causes the error FIG. 5, pseudorandom frequency transmission is caused 
control code to be serially shifted through data path by digital pseudorandom number generator 108 and 
control 102 to preamble field shift register 60 following digital-to-analog (D/A) converter 110. Pseudorandom 
the -instrument identification data, thereby forming number generator 108 is preferably a digital state ma- 
error control code field 46G, the final field of transpon- zu c hin e , and can be formed from digital logic elements in 
der information packet 42. manners well known to those skilled in the art. Pseudo- 
Any selected portions of data within shift registers ran dom number generators of this type cycle through a 
60-70, including , thepreamble data, can be error control luralit of states> producing a signal rep resenta- 
coded, as desired. The preferred embodiment shown in dve of a pseudoraildom number in each state . Pseudo _ 
FIG 5 in which the preamble data is not error control random numbenj ^ characteristics of a ^ ran . 
encoded is shown merely for purposes of dlustxation. It dom ^ of numbers m xhe sense that t £ ey m not 
is advantageous, however, to always error control code * • *i i i_ j j ^ 
the instrument parameter data. stncil \ ^! ntud \ though pseudorandom number 
As shown in FIG. 1, receiver 22 of interrogate/- generator 108 cycles through only a predetermmed 
receiver 18 includes one or more BCH decoders 23 (one 30 ° f ( states » **J? which the eye e is repeated, 
is&own). BCH decoder 23 decodes error control code Numbers represented by the digital signals produced by 
field 46G of the transponder information packets 42 pseudorandom number generator 108 can, therefore, be 
received by receiver 22. Once decoded, the information described by a mathematical function, 
from error control code field 46G is processed to deter- Sequence timing control 72 causes pseudorandom 
mine bit errors within CRC encoded data fields 35 number generator 108 to cycle states and produce a new 
46A-46F which may have occurred during transmis- pseudorandom number each time a transponder infor- 
sion. The use of BCH encoder 104 therefore increases mation packet 42 is to be transmitted. The digital signals 
the accuracy and reliability of communications between produced by pseudorandom number generator 108 are 
transponder 14A and interrogate/receiver 18. BCH converted to analog signals by D/A converter 110, and 
decoders such as that shown at 23 are well known, and 40 applied to carrier frequency control terminal 118. The 
easily constructed by those skilled in the art to decode Manchester encoded bit stream is thereby modulated 
thejhortened,255 > ,239,.2.BCH.code^described above.^ onto a carrier of pseudorandom frequency, and trans- 
Transmission encoding apparatus such as Manchester mitted by transmitter 112 as a transponder information 
encoder 106 is connected to receive the bit stream of packet 

aata forming.transponder information packet 42 as it ir,45 A ft er a transponder information packet 42 has 

clocked out of preamble field shift register ^^anches- / been assembled and transmitted in accordance with the 

'^encoder 106 (also known as a split-phase encoder) / above description, sequence timing control 72 causes 

processes, or encodes, the digital data forming tran-' ^ same sequence of steps to be repeated a predeter- 

sponder information packet 42 into a form better suited / number of ^s to complete the transmission 

for transmission. Manchester encoder 106 preferably^O ^ duces transponder signal 40. Sequence 

implements a Manchester I encoding scheme. Manches-/ ^ ?2 ferabl causes transponder signal 

ter encoders^such.as lO^arc ^weU lmown and produces ^ ^ formed ^ der mfor ^ at ion pack- 

a code m which a data clock is embedded mto the data . . . -fZ ~ e * • . . *\ „ 

stream.Another = advantage of Mancheste? encoded 106^ e s 42 M showi J m ^Sequence Uming con roi 72 

is that it eliminates any DC components in the bit 55 ^so causes each ^ponder uiforniation packet 42 to 

stream as it emerges from preamble field shift register 7 ^L!?^ fr ? m ±0SQ j° lt by P enod S 

60. Other transmission encoding schemes, including/ <F lG > 2 >' and Gaxiaes pseudorandom number generator 

various non-return-to-zero (NRZ) schemes, can be used 108 t0 P f oduce a new pseudorandom number for each 

as we U -- • transponder information packet 42 so transmitted. 

Transmitter 112 includes a modulation control input 60 ^ addition, sequence timing control 72 is unrespon- 

terminal 116 and a carrier frequency control input ter- s * ve t0 enable signals from enable circuit 100 for a pre- 

minal 118. Modulation control input terminal 116 is determined time period, preferably 10 seconds, after 

connected to receive the transmission encoded bit transmission of a final transponder information packet 

stream of data from Manchester encoder 106. Transmit- 42 of transponder signal 40. If after this predetermined 

ter 112 modulates the bit stream of data forming tran- 65 "dead time" period transponder 14A is still within range 

sponder information packet 42 onto an RF carrier hav- of interrogate/receiver 18 and receives another activa- 

ing a carrier frequency determined as a function of a tion signal, sequence timing control 72 will initiate 

signal received at carrier control terminal 118. The transmission of another transponder signal 40. 
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A preferred embodiment of transponder 14A, less a signal having predetermined frequency characteris- 
fostrament identification data source 96, tamper data tics, such as a tone, modulated onto a carrier. The acti- 
source 92, instrument parameter data source 88, instru- vation signal is a 22-60 Hz tone amplitude modulated 
ment type data source 84, spare data source 80, trans- onto 915 MHz carrier in one embodiment. Through the 
mission enable circuit 100 and transmitter 112, is sche- 5 use of this technique, different frequency tones can be 
matically illustrated by FIGS. 6A-6D. FIGS. 6A-6D used as an activation signal for different types of instru- 
are arranged from left to right, respectively, to form the ment monitoring systems. Gas meter monitoring sys- 
complete schematic. terns can, for example, have an enable circuit tuned to 
As shown, instrument identification field shift regis- "wake-up" upon receipt of one tone, while an electric 
ter 70 is formed by three eight bit shift registers 130, 10 meter monitoring system can have an enable circuit 100 
132, and 134. Tamper field shift register 68 is formed by tuned to "wake-up" upon receipt of a second tone, 
one-half (Le., the four least significant bits) of eight bit One preferred embodiment of transmission enable 
shift register 136. Instrument parameter field shift regis- circuit 100 is illustrated in block diagram form in FIG. 
ter 66 is formed by a second half (i.e. f the four most 7. As shown, this embodiment includes tone detector 
significant bits) of shift register 136, eight bit shift regis- 15 300, integrator 302, sample switch 304, comparator 306, 
ters 138, 140, and the two least significant bits of eight timing control 308 and threshold level source 310. Tone 
bit shift register 142. Instrument type field shift register detector 300, which is operatively coupled to antenna 
64 is formed by four bits of shift register 142, while 16A, detects the tone or other activation signal trans- 
spare field shift register 62 is formed by the two most mitted from interrogate/receiver 18 and produces a 
significant bits of shift register 142, and the three least 20 detected activation signal in response thereto. The de- 
significant bits of eight bit shift register 144. Preamble tected activation signal is then applied to integrator 302. 
field shift register 60 is formed by the four most signifi- Timing control 308 times integration periods having a 
cant bits of shift register 144, and by eight bit shift regis- predetermined length, and produces signals representa- 
ters 146 and 148. tive thereof. In one preferred embodiment, timing con- 
Data path control 102 is formed by AND gates 150, 25 trol 308 times integration periods of one second in 
152, 154, and OR gate 156. BCH encoder 104 is formed length. The integration periods timed by timing control 
by D flip-flops 158-188, EXCLUSIVE-OR gates 308 of transponders 14A-14C are randomly skewed 
190-208, and AND gate 210. As shown in FIG. 6C, with respect to each other. In other words, the integra- 
only a portion, or the five least significant bits, of pre- tion periods of each transponder 14A-14C all begin and 
amble field shift register 60 are applied to BCH encoder 30 end at randomly determined times with respect to those 
104. As a result, only the four least significant bits of the of other transponders 14A-14C In one preferred em- 
preamble field data are BCH error control encoded in bodiment, this randomization is accomplished by con- 
the embodiment of transponder 14A shown in FIG. 6. necting a source of power such as batteries (not shown), 
Sequence timing control circuit 72 includes oscillator to tuning control 308 of each transponder 14A-14C at 
212, power-up master reset (RST) 214, D flip-flops 35 random times. For example, this can be done when 
218-228, frequency dividers 230-234, RS flip-flop 236, transponders 14A-14C are assembled, or mounted to 
and AND gates 242-252. Master reset circuit 214 causes meters 12A-12C. Randomization is also achieved 
sequence timing control circuit 72 to be initialized each through drifts in timing periods resulting from normal 
time a source of power, such as a battery (not shown) is circuit tolerances. 

connected to transponder 14A. As shown, enable sig- 40 Integrator 302 includes a reset (RST) terminal con- 

nals from transmission enable circuit 100 are received nected to receive the timing control signal from timing 

by AND gate 252. control 308, and is reset by a beginning of each timing 

Pseudorandom number generator 108 is a 31 state control period. Integrator 302 then integrates any de- 
device formed by five bit digital counter 256, AND gate tected activation signal received from tone detector 300 
258, OR gate 260, and EXCLUSIVE-OR gate 262. 45 over its integration period. An integrator output signal 
Digital-to-analog converter 110 is formed by AND representative of an integral of the detected activation 
gates 264-272, and resistors 274-292. Analog voltages signal is applied to sample switch 304. 
produced by D/A converter 110 are applied to carrier Sample switch 304 is responsive to timing control 308 
frequency control terminal 116 of transmitter 112 as and causes the integrator output signal to be applied to 
shown. 50 comparator 306 at the end of each integration period. 

Manchester encoder 106 is formed by D flip-flop 216, The integrator outut signal is then compared to a prede- 

AND gates 238 and 240, and EXCLUSIVE-OR gate termined threshold level such as that established by 

254. The Manchester encoded bit stream of data repre- threshold level source 310. If the integrator output 

sentative of transponder information packet 42 is ap- signal has attained the threshold level, comparator 306 

plied to modulation control input terminal 116 of trans- 55 produces an enable signal indicating that a valid ener- 

mitter 112, as shown. gizing signal has been received from interrogate/- 

Transponders 14A-14C preferably include a trans- receiver 18. 

mission enable circuit 100 which produces enable sig- In one preferred embodiment, threshold level source 

nais at random times after receiving an activation signal 310 produces a signal representative of an activation 

from interrogate/receiver 18. In this manner, each tran- 60 signal detected for 75% of the integration period. In this 

sponder 14A-14C "wakes-up" and begins transmitting preferred embodiment, assuming a one second integra- 

its transponder signal 40 at different times with respect tion period, tone detector 300 must detect the activation 

to other transponders 14A-14C This technique helps signal for at least 750 milliseconds during an integration 

prevent transmission collisions when transponders period before an enable signal will be produced. The 

14A-14C within range of interrogate/receiver 18 simul- 65 enable signal is then applied to sequence timing control 

taneously receive an activation signal. 72. If during the integration period the integral of any 

Transmitter activator 22 of interrogate/receiver 18 detected activation signal was less than the threshold 

preferably produces an activation signal in the form of level, the enable signal is not produced because enable 
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circuit 100 has not received a "valid" activation signal. 
Since the integration periods are randomly skewed with 
respect to each other, transmission enable circuit 100 of 
each transponder 14A-14C will produce its enable sig- 
nal at a random time after interrogate/receiver 18 trans- 
mits the activation signal. 

A second preferred embodiment of transmission en- 
able circuit 100 is illustrated in FIG. 8. As shown, the 
second preferred embodiment includes tone detector 
312, integrator 314, comparator 316, D flip-flop 318, 
timing control 320, and threshold level source 322. 
Tone detector 312, integrator 314, comparator 316, 
timing control 320 and threshold level source 322 can 
all be identical to their counterparts previously de- 
scribed with reference to FIG. 7, and function in an 
identical manner. Comparator 316 continuously pro- 
duces a comparator output signal representative of the 
comparison between the integrator output signal and 
the threshold level. The comparator output signal is 
clocked to the Q output terminal of D flip-flop 318 only 20 
at the end of integration periods. The embodiment of 
transmission enable circuit 100 shown in FIG. 8 is func- 
tionally identical to that of FIG. 7. 

Although the present invention has been described 
with reference to preferred embodiments, workers 25 
skilled in the art will recognize that changes may be 
made in form and detail without departing from the 
spirit and scope of the invention. 

What is claimed is: 

1. An RF transponder suitable for use with an au- 30 
tomatic/remote instrument monitoring system wherein 
the transponder is one of a plurality of such transpon- 
ders configured to operate with at least one of a plural- 
ity of parameter sensing instruments remotely located 
from an interrogate/receiver which transmits an RF 35 
activation signal to said transponders and which re- 
ceives and processes RF transponder signals received 
from the transponders, said transponder comprising: 
preamble Meld means for providing a preamble field 

of predetermined preamble data; 40 
instrument parameter field means adapted for inter- 
connection to a parameter sensing instrument for 
providing an instrument parameter ftelf of instru- 
ment parameter data sensed by the instrument; 
instrument identification Meld means for providing an 45 
instrument identification field of instrument identi- 
fication data; 

BCH error control coding means for error control 
coding at least a portion of the fields of data includ- 
ing the preamble field data, instrument parameter 50 
field data, and instrument identification field data, 
and for providing an error control code field of 
BCH error control code data; 

transmission enable means for receiving an RF acti- 
vation signal from an interrogate/receiver and for 55 
providing a transponder enable signal in response 
thereto; 

sequence control means coupled to the transmission 
enable means, preamble field means, instrument 
parameter field means, instrument identification 60 
field means and BCH error control code means, for 
causing the fields of data to be assembled in a pre- 
determined manner to produce a plurality of tran- 
sponder information packets in which the BCH 
error control code field follows the instrument 65 
identification field, the instrument identification 
field follows the instrument parameter field, and 
the instrument parameter field follows the pream- 



ble field, in response to the transponder enable 
signal; 

transmission encoding means for transmission encod- 
ing the transponder information packets and pro- 
ducing transmission encoded transponder informa- 
tion packets; 

data path control means for causing the portion of the 
fields of data to be error control coded to be simul- 
taneously transferred to the transmission encoding 
means and to the BCH error control coding means, 
and for causing the error control code field of data 
to be transferred to the transmission encoding 
means following the transfer to the transmission 
encoding means of the portions which have been 
BCH error control coded; 

RF transmitter means operatively coupled to receive 
the transmission encoded transponder information 
packets for transmitting an RF transponder signal 
including the transmission encoded transponder 
information packets; and 

frequency control means coupled to the RF transmit- 
ter means for actively varying a frequency of the 
RF transponder signal such that transponder infor- 
mation packets thereof can be transmitted at differ- 
ent frequencies within a predetermined frequency 
bandwidth. 

2. The RF transponder of claim 1 wherein the BCH 
error control coding means provides an error control 
code field of shortened 255, 239, 2 BCH error control 
code data. 

3. The RF transponder of claim 2 wherein the short- 
ened BCH error control code is generated by the poly- 
nomial 

P(X)=1+X+X 3 +X 6 +X 8 +X<>+XH)+X11+X»3+X- 

4. The RF transponder of claim 1 wherein the trans- 
mission encoding means comprises Manchester trans- 
mission encoding means for producing a Manchester 
encoded bit stream of data. 

5. The RF transponder of claim 1 wherein: 

the preamble field means includes preamble shift 
register means responsive to the sequence control 
means for receiving the preamble data in a parallel 
format and for serial field data transfer; 

the instrument parameter field means includes instru- 
ment parameter shift register means responsive to 
the sequence control means for receiving the in- 
strument parameter data in a parallel format and 
for serial field data transfer; 

the instrument identification field means includes 
instrument identification shift register means re- 
sponsive to the sequence control means for receiv- 
ing the instrument identification data in a parallel 
format and for serial field data transfer; and 

the BCH error control coding means includes error 
control coding shift register means responsive to 
the sequence control means for serially receiving 
the portion of the fields of data to be error control 
coded, and for serial field data transfer. 

6. The RF transponder of claim 5 wherein the data 
path control means causes the portion of the fields of 
data to be error control coded to be serially transferred 
to the transmission encoding means and to the BCH 
error control coding means, and causes the error con- 
trol code field of data to be serially transferred to the 
transmission encoding means following the transfer of 
the portions which have been BCH error control 
coded- 
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7. The RF transponder of claim 6 wherein: 

the instrument identification shift register means is 
operatively coupled to the instrument parameter 
shift register means for serial field data transfer, 

the instrument parameter shift register means is oper- 5 
atively coupled to the data path control means for 
sreial field data transfer; 

the data path control means is operatively coupled to 
the preamble shift register means and the error 
control code shift register means for serial field 10 
data transfer; 

the preamble shift register means is operatively cou- 
pled to the transmission encoding means for serial 
field data transfer; and 

the sequence control means causes the error control 15 
code Meld to follow the instrument identification 
field, the instrument identification field to follow 
the instrument parameter field, and the instrument 
parameter field to follow the preamble field in the 
transmission encoded transponder information 20 
packets. 

8. The RF transponder of claim 7 wherein: 

the transponder further includes tamper field shift 
register means responsive to the sequence control 
means and operatively coupled between the instru- 
ment parameter shift register means and the instru- 
ment identification shift register means for receiv- 
ing tamper data representative of instrument tam- 
pering in a parallel format, and for serial field data , 0 
transfer, and 

the sequence control means causes the tamper field to 
follow the instrument parameter field in the trans- 
mission encoded transponder information packets. 

9. The RF transponder of claim 8 wherein: 35 
the transponder further includes instrument type field 

shift register means responsive to the sequence 
control means and operatively coupled between 
the preamble shift register means and the instru- 
ment parameter shift register means for receiving 
instrument type data in a parallel format, and for 
serial field data transfer, and 
the sequence control means causes the instrument 
type field to follow the preamble field in the trans- 
mission encoded transponder information packets. 45 

10. The RF transponder of claim 9 wherein: 

the transponder further includes spare field shift reg- 
ister means responsive to the sequence control 
means and operatively coupled between the pream- 
ble shift register means and the instrument type 50 
shift register means for receiving spare data in a 
parallel format and for serial field data transfer; and 

the sequence control means causes the spare field to 
follow the preamble field in the transmission en- 
coded transponder information packets. 55 

11. The RF transponder of claim 1 wherein the pre- 
amble field means provides a preamble field of data 
which is twenty-one bits in length. 

12. The RF transponder of claim 11 wherein the 
preamble field means provides a preamble field of data 60 
representative of 111110010101001100000 sequence of 
digital values. 

13. The RF transponder of claim 1 wherein the se- 
quence control means causes the predetermined number 
of transponder information packet to be separated in 65 
time from adjacent transponder information packets. 

14. The RF transponder of claim 1 wherein the trans- 
mission enable means produces the enable signal at a 
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random time within a predetermined time period after 
receipt of an RF activation signal. 

15. The RF transponder of claim 1 wherein the trans- 
mission enable means produces the enable signal upon 
receipt of an RF activation signal having predetermined 
frequency characteristics. 

16. The RF transponder of claim 15 wherein the 
transmission enable means produces the enable signal 
upon receipt of an activation signal in the form of a tone 
modulated onto an RF carrier. 

17. In an automatic/remote instrument monitoring 
system of the type having a plurality of RF transpon- 
ders associated with one of a plurality of parameter 
sensing instruments remotely located from an inter- 
rogate/receiver which transmits an RF activation sig- 
nal to the transponders and which receives and pro- 
cesses RF transponder signals from the transponders; a 
protocol by which the RF transponder signals are trans- 
mitted from the transponders to the interrogate/- 
receiver in response to an activation signal therefrom, 
comprising: 

providing a preamble field of predetermined pream- 
ble data; 

providing an instrument parameter field of instru- 
ment parameter data sensed by an instrument; 

providing an instrument identification field of instru- 
ment identification data; 

BCH error control coding at least a portion of the 
fields of data including the preamble field data, 
instrument parameter field data, and instrument 
identification field data, and providing an error 
control code field of BCH error control code data; 

transmission encoding the fields of data; 

simultaneously BCH error control coding and trans- 
mission encoding the portion of the fields of data to 
be error control coded; 

transmission encoding the field of BCH error control 
code data following the transmission encoding of 
the portion of the fields of data which were error 
control coded; 

assembling the transmission encoded fields of data in 
a predetermined manner to produce a plurality of 
transponder information packets in which the error 
control code field follows the instrument identifica- 
tion field, the instrument identification field follows 
the instrument parameter field, and the instrument 
parameter field follows the preamble field; and 

transmitting the transponder information packets at 
different frequencies within a predetermined fre- 
quency bandwidth as a transponder signal. 

18. The protocol of claim 17 wherein BCH error 
control coding includes providing an error control code 
field of shortened 255, 239, 2 BCH error control code 
data. 

19. The protocol of claim 18 wherein BCH error 
control coding includes providing an error control code 
field of shortened 255, 239, 2 BCH error control code 
data generated by the polunomial 
P(X)=l+X+X5+X«+X8+X9+XH>+Xii+Xi3 + X- 

20. The protocol of claim 17 wherein providing a 
preamble field of data includes providing a preamble 
field of data representative of a 111 1 10010101001 100000 
sequence of digital values. 

21. The protocol of claim 17 wherein transmitting the 
bit stream of data includes on-off key modulating an RF 
carrier with the transmission encoded bit stream of data. 
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22. The protocol of claim 17 wherein transmission 
encoding includes Manchester transmission encoding 
the fields of data. 

23. In an automatic/remote instrument monitoring 
system of the type having a pluarlity of RF transpon- 5 
ders configured to operate with at least one of a plural- 
ity of parameter sensing instruments remotely located 
from an interrogate/receiver which transmits an RF 
activation signal to the transponders and which receives 
and processes RF transponder signals from the tran- 10 
sponders, an enable circuit associated with each tran- 
sponder for causing transponders of the system to initi- 
ate transmission of their RF transponder signals at ran- 
dom times with respect to one another in response to 
the RF activation signal, the enable circuit comprising: 

RF detector means for receiving the RF activation 
signal from the interrogate/ receiver, detecting the 
activation signal, and producing a detector signal 
representative thereof; 

timing means for timing integration periods, wherein 
the integration periods of the transponders of the 
system are randomly skewed with respect to each 
other; 

integrator means operatively coupled to the timing 2 j 
means and the RF detector means for integrating 
the detector signal over the integration periods and 
producing an integrator output signal representa- 
tive of an integral of the detector signal; and 

comparator means for comparing the integrator out- 30 
put signal to a threshold value and for producing a 
transponder enable signal causing the transponder 
to initiate transmission of its RF transponder signal 
at random times with respect to other transponders 
of the system, if the integrator output signal attains 35 
the threshold value during an integration period. 

24. The circuit of claim 23 wherein the interrogate/- 
receiver transmits an RF activation signal having prede- 
termined frequency characteristics. 

25. The circuit of claim 24 wherein the interrogate/- 40 
receiver transmits an RF activation signal in the form of 

a tone modulated onto an RF carrier. 
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26. The circuit of claim 24 wherein: 

the RF activation signal is amplitude modulated onto 
the RF carrier; and 

the RF detector means comprises amplitude modula- 
tion detector means. 

27. The circuit of claim 24 wherein: 

the interrogate/receiver transmits an RF activation 
signal in the form of a tone modulated onto an RF 
carrier; and 

the RF detector means produces a detector signal 
representative of the detected tone. 

28. The circuit of claim 23 wherein: 

the timing means causes the integration periods to be 
approximately one second in length. 

29. The circuit of claim 23 wherein the comparator 
means compares the integrator output signal to a thresh- 
old value representative of an RF activation signal hav- 
ing a duration of approximately 75% over the integra- 
tion period. 

30. The circuit of claim 23 wherein the comparator 
means produces the transponder enable signal at an end 
of the integration periods if the integrator output signal 
attains the threshold value during the integration peri- 
ods. 

31. The circuit of claim 23 and further including 
switch means intermediate the integrator means and the 
comparator means and responsive to the timing means 
for switchably interconnecting the integrator means to 
the comparator means at an end of the integration peri- 
ods, thereby causing the comparator means to produce 
the transponder enable signal at the end of the integra- 
tion period if the integrator output signal has attained 
the threshold value. 

32. The circuit of claim 23 and further including 
flip-flop means having a clock input responsive to the 
timing means, a data input coupled to the comparator 
means, and a data output, the flip-flop means clocking 
the transponder enable signal to the data output at the 
end of the integration periods if the integrator output 
signal has attained the threshold value during the inte- 
gration periods. 

***** 
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